Pulmonary renal syndrome refers to an association of pulmonary and glomerular disease and includes disorders, such as the ANCA-associated vasculitides, anti-glomerular basement membrane antibody disease, systemic lupus erythematosus, and IgA vasculitis (HenochSchönlein purpura). We present the medical history of a 26-month-old boy with an extensive purpuric rash, involving the limbs, trunk, and face, who developed clinically significant pulmonary hemorrhage and renal involvement. Rapid recognition of this rare but potentially life-threatening condition is crucial. In this report, we discuss the differential diagnosis, diagnostic studies, and treatment options to consider when facing a young child presenting with a pulmonary renal syndrome.
Introduction
Pulmonary renal syndrome describes the association of severe pulmonary and renal disease and includes disorders, such as the anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitides, anti-glomerular basement membrane (GBM) antibody disease, systemic lupus erythematosus (SLE), and IgA vasculitis (IgAV, Henoch-Schönlein purpura [HSP] ) [1] . Pulmonary renal syndrome rarely occurs in children; however, its prompt diagnosis is critical to minimize the high disease-related morbidity and mortality [1] . This report describes a toddler with pulmonary renal syndrome, who completely recovered with supportive treatment and immunosuppressive drugs.
Case Presentation
A 26-month-old toddler presented with a 1-day history of purpuric rash on the lower limbs, arthralgia, and swelling of his face, ankles, knees, hands, and genitalia. Blood work, urinalysis, and chest X-ray were unremarkable. A diagnosis of IgAV (HSP) was made and conservative management recommended. A few days later he presented with tachypnea, shortness of breath, and severe respiratory distress but was afebrile and normotensive. There was palpable purpura on his extremities, trunk, and face ( Fig. 1 ) with significant scalp edema. Laboratory investigations revealed a hemoglobin of 54 g/L, white blood cells of 5.9 × 10 9 /L with normal differentiation, platelets of 229 × 10 9 /L, erythrocyte sedimentation rate of 19 mm/h (normal range 2-12), C-reactive protein of 4.7 mg/L (normal range 0.1-1.0), albumin of 28 g/L (normal range 37-50), and normal creatinine and blood urea nitrogen. Coombs test was negative. Urinalysis showed microhematuria (50-100 erythrocytes/hpf) with granular (1-4/hpf) and hyaline casts (1-4/hpf), but no proteinuria at this stage. During intubation for respiratory distress, blood was seen in the airways. Chest X-ray and computed tomography showed extensive bilateral patchy opacities. In view of the clinical and radiologic findings, he was diagnosed with pulmonary hemorrhage.
Bronchoalveolar lavage (BAL) showed no hemosiderin-laden macrophages or acute bleeding, but diffusely blood-tinged mucus, and a diagnosis of IgAV (HSP)-associated pulmonary hemorrhage was assumed. Two blood transfusions were required, and he received intravenous methylprednisolone (30 mg/kg) for 4 days followed by methylprednisolone 2 mg/kg/day. Although plasmapheresis and pulse cyclophosphamide were considered, these were deferred following his improvement with high-dose corticosteroids. Further investigations revealed negative anti-nuclear antibody (ANA), ANCA and anti-GBM antibody screen, and normal complement levels. Due to increased blood-tinged secretions, bronchoscopy was repeated 1 week later and identified the right lower lobe as the site of bleeding. There was focal inflammation and Moraxella catarrhalis was isolated from BAL on this occasion (likely ventilator-associated pneumonia), which was treated by antibiotics. He further improved on prednisone, and additional immunosuppression was not initiated. He developed mild proteinuria (protein 1 g/L on urine dipstick); however, renal biopsy was deferred due to his critically ill clinical status. He was ventilated for 12 days and discharged on prednisone treatment after 17 days. A few days later, he developed right knee arthritis. He became hypertensive, was started on amlodipine, and referred to our nephrology clinic where a renal biopsy was performed due to persistent proteinuria (1 g/L, protein/creatinine ratio 77.7 mg/mmol). Histopathology revealed involvement of 10% of 23 glomeruli with segmental lesions showing both active and chronic changes (Fig. 2) . Immunofluorescence demonstrated diffuse segmental granular staining of mesangial regions with some capillary loops for IgG (2+), IgA (3+), and C3 (3+), confirming IgAV (HSP) nephritis (Fig. 3) . This corresponded to the ISKDC histological classification of IgA vasculitis grade IIIa -focal mesangial proliferation with <50% crescents.
He was started on enalapril and azathioprine. Prednisone was tapered and discontinued at 17 months, and azathioprine was discontinued at 24 months after disease onset. At 36 months' follow-up, he remains very well, now off enalapril, with no evidence of proteinuria, hypertension, or disease activity.
Discussion
This child presented with an extensive purpuric vasculitic rash, pulmonary hemorrhage, and microhematuria. Even though he had no signs of overt glomerular disease at onset, microhematuria indicated renal involvement and his findings were suggestive of a pulmonary renal syndrome, an uncommon entity which can be divided into both specific and nonspecific etiologies. "Specific" pulmonary renal syndrome refers to an association of pulmonary and glomerular disease and includes disorders such as the ANCA-associated vasculitides (granulomatosis with polyangiitis [GPA], microscopic polyangiitis, or eosinophilic granulomatosis with polyangiitis), anti-GBM antibody (Goodpasture) disease, SLE, and IgAV (HSP). The term nonspecific pulmonary renal syndrome describes pulmonary disease following pre-existent renal disease or vice versa [1] . Co-existence of pulmonary and renal disease has been described in the ANCA-associated vasculitides, most frequently in GPA, in which granulomatous multisystem inflammation is commonly found in the ear, nose, and throat (75-96%), pulmonary (80-84%), and renal system (79-88%) [2, 3] . GPA manifests mostly during adolescence; disease onset in toddlers is extremely rare [3] . Anti-GBM antibody disease typically presents with a rapidly progressive glomerulonephritis accompanied by pulmonary hemorrhage, is confirmed by the presence of circulating anti-GBM antibodies, and is exceedingly rare in children [2, 4] . SLE usually manifests in adolescent girls with typical cutaneous, musculoskeletal, cardiovascular, and central nervous system symptoms associated with hematologic abnormalities and classical antibodies. Renal involvement occurs in 48-100% during the course of disease [2] . Pulmonary involvement, such as pleuritis, pneumonitis, and abnormal pulmonary function testing, is relatively common in SLE; however, the occurrence of pulmonary hemorrhage is an unusual manifestation [2] . IgAV (HSP) is the most common systemic vasculitis in childhood. The diagnosis is based on the European League Against Rheumatism (EULAR)/Paediatric Rheumatology International Trials Organisation (PRINTO)/Paediatric Rheumatology European Society (PReS) classification criteria and requires at least one of the four following criteria in addition to the mandatory criterion of nonthrombocytopenic purpura: abdominal pain, typical histopathology, arthritis or arthralgia, and renal involvement [5] . While IgA (HSP)-associated nephritis occurs in approximately 30% of patients [6] , pulmonary hemorrhage is rare in IgAV (HSP) (<1%) [7] and has primarily been reported in adults, where it is associated with a significant morbidity and mor-tality [8] . Symptoms can be mild and hemoptysis is absent in 33% of the patients. Therefore, a high level of suspicion is needed in patients with only mild respiratory symptoms or a sudden drop of the hemoglobin [9] .
Besides basic laboratory testing, more specific investigations are recommended in the presence of a pulmonary renal syndrome (Table 1) .
In the acute setting of a pulmonary renal syndrome, especially in the absence of a disease-defining autoantibody such as ANCA, a bronchoscopy with BAL should be considered to aid diagnosis and exclude a possible infection before treatment initiation. Frankly bloody or blood-tinged BAL fluid suggests pulmonary hemorrhage. Hemosiderin-laden macrophages may be demonstrated in BAL fluid 48 h following the onset of pulmonary hemorrhage [10] . A tissue biopsy may be obtained to confirm the diagnosis. In IgAV (HSP), a biopsy is indicated only in children with an unusual presentation or significant renal disease. While a tissue biopsy from skin or kidney in a patient with IgAV (HSP) is classically characterized by a leukocytoclastic vasculitis of small vessels or proliferative glomerulonephritis with IgA deposition, the lung biopsy might reveal only alveolar hemorrhage without capillaritis and variable presence of IgA deposits along the alveolar septa [6, 8] . In our patient, antibody testing was negative, BAL revealed blood-tinged fluid, and kidney biopsy revealed classical findings of IgAV (HSP)-nephritis including IgA deposits.
For IgA (HSP)-associated pulmonary hemorrhage, no standard treatment has been established, and recommendations are based on retrospective series. Chen et al. [11] reviewed treatment and outcome of 17 children with IgA (HSP)-associated pulmonary hemorrhage and concluded that aggressive treatment including high-dose corticosteroids and pulse cyclophosphamide should be considered for children with respiratory failure as mortality in this group was high (33%). The optimal treatment strategies for IgA (HSP) nephritis are controversial [6] . Noncontrolled studies have shown beneficial effects of immunosuppressive drugs including azathioprine [6] . However, data on immunosuppressive treatment other than corticosteroids are limited in IgAV (HSP) nephritis.
Conclusion
The pulmonary renal syndromes are often associated with severe and life-threatening underlying systemic diseases. Pulmonary hemorrhage in IgAV (HSP) is very rare in childhood-onset IgAV (HSP) (<1%) and tends to occur in older patients. Because symptoms can be mild and hemoptysis absent, a high level of suspicion is needed in patients with only mild respiratory symptoms or a sudden drop of the hemoglobin.
The literature regarding optimal treatment of IgA (HSP)-associated pulmonary hemorrhage is scarce. The available data suggest aggressive treatment with prednisone and pulse cyclophosphamide for both children and adults, especially if respiratory failure is present. However, our patient had an excellent outcome on monotherapy with high-dose prednisone even though he presented with respiratory failure, which raises the question as to whether aggressive treatment is needed for all children with IgAV (HSP)-related pulmonary hemorrhage. 
